The zonae pellucidae of mouse oocytes were photoablated by an ultraviolet laser (337.1 nm) to create one or two 10 |im holes. The pulse energy used was -3 Jij/s, with a frequency of 10 pulses/s. These laser zona-drilled (LZD) oocytes with one hole (LZD1) or two holes (LZD2) and the zona-intact controls were inseminated with spermatozoa at standard concentrations of 5X10 4 , 5X10 5 , 1X10 6 and 2xlO 6 /mL Fertilization was significantly improved at all sperm concentrations in LZD1 and LZD2 oocytes as compared to the controls. However, there was no significant difference in fertilization rates between LZD1 and LZD2. LZD2 produced significantly higher numbers of blastocysts at day 5. Hatching was significantly enhanced in the presence of either one or two holes in the zona. Polyploidy was generally absent, except hi LZD2 oocytes (1%) inseminated at higher sperm concentrations. Differential cell counts of expanded LZD blastocysts were similar to those of the controls. Significantly fewer LZD2 blastocysts implanted and produced viable fetuses than LZD1 and control blastocysts. Morphological abnormalities of the fetuses were absent in all three groups. Laser zona-drilling using the ultraviolet laser was shown to be fast, efficient and safe.
Introduction
The laser has recently been employed as an additional tool in assisted reproduction involving microsurgical procedures on mammalian gametes and embryos. One of these procedures is photoablation of the zona pellucida, commonly known as laser zona-drilling (LZD). Various types of laser with as many variations in pulse energy and frequency have been advocated by researchers for their superiority and efficacy in this procedure. For example, a xenon chloride (XeCl) excimer laser at 308 nm and 50-500 pulses/s with pulse energy of 20 (iJ was used for LZD of mouse oocytes and 8-to 16-cell embryos to enhance fertilization (El-Danasouri et al., 1993) and assist hatching respectively. Schiewe et al. (1995) used a non-contact holium:yttrium scandium gallium garnet (Ho:YSGG) laser system for assisted hatching in mouse embryos. Feichtinger et al. (1992) and Obruca et al. (1994) used an erbium: YAG (EnYAG) excimer laser with a wavelength of 2900 nm and pulse energy of 10 \xi to ablate a 20 |xm hole in the zona pellucida of human oocytes as an alternative to partial zona dissection (PZD) and assist in subzonal insemination (SUZI) to enhance fertilization in cases of severe oligozoospermia, as well as to assist hatching of embryos in patients with repeated in-vitro fertilization (TVF) failure. An ultraviolet (UV) laser microbeam at 337.1 nm with pulse energy of 2-5 \i3 and frequency of 15-20 pulses/s was used to ablate a hole in the zona pellucida of cow oocytes in combination with a neodymium:YAG laser at 1064 nm, which serves as an optical trap to insert spermatozoa into the perivitelline space through the hole (Schutze et al., 1994 (Schutze et al., , 1995 .
Although there has been some degree of success in using lasers to improve fertilization and incidence of implantation, there exists apprehension about the effects of laser micromanipulation on gametes and embryos (Li et al., 1993; Neev et al., 1993) . Lasers with wavelengths of =£260 nm have been known to cause damage to the DNA. This is because the shorter the wavelength, the higher is its absorption by the DNA (Weber and Greulich, 1992; Tadir et al, 1993) . Direct exposure of cells to a UV wavelength would result in mutagenesis and cytotoxicity (Kochevar, 1989; Rasmussen et al., 1989) .
In this study, a non-contact UV laser microbeam with a 337 nm nitrogen laser was used for the LZD of mouse oocytes. The purposes of this study were firstly to determine the safety and efficacy of this laser, and secondly to investigate the effects of one and two laser-ablated holes in the zona pellucida on fertilization rate with different sperm concentrations, and on development of the embryos. SX.Liow, A.Bongso and S.CNg HCG. They were then killed by cervical dislocation 12-14 h after HCG. The mice were dissected and the oviduct with the severed part of the ovary was then placed in a 35 mm Petri dish (Falcon, Becton Dickinson, NJ, USA) containing 2 ml of Ml medium.
Recovery of metaphase II oocytes
Recovery of the oocytes was carried out under X20 magnification on a stereo microscope with low light intensity. A tear was made in the oviduct near the swollen ampulla with two 25-gauge, 3.8 cm hypodermic needles to release the oocyte-cumulus complex (OCC). The released OCC was then washed through four microdroplets of Ml under a layer of light-grade and endotoxin-free paraffin oil before placing it in another Petri dish containing 0.1% hyaluronidase to break down the cumulus. The OCC was exposed to the hyaluronidase for 2 min. Those oocytes that were denuded of cumulus cells were transferred to a fresh dish containing four 40-60 ml drops of Ml to rinse off the hyaluronidase and were then transferred to a fresh dish containing -100 (il of Ml under paraffin oil for culture and incubated at 37°C in a humidified atmosphere of 5% CO2 in air, provided by a CO2 incubator (Heraeus Instruments, Hanau, Germany), until needed.
Recovery of spermatozoa
A male CBA/C57 mouse aged 8-12 weeks was killed by cervical dislocation for each experiment. The mouse was dissected and the caudal end of the vas deferens (~1 cm) was then cut Together with the caudal epididymis, it was placed in a Petri dish containing 2 ml of M2. The epididymis and the vas deferens from both the testes were transferred to a fresh dish of M2. The epididymis was teased with two 25-gauge, 3.8 cm hypodermic needles under the stereo microscope to release the spermatozoa. The vas deferens was also squeezed gently with the needles, starting from the epididymis to the cut end of the vas deferens, to push out the spermatozoa into the medium. The spermatozoa were then incubated at 37°C in a humidified atmosphere of 5% CO2 in air for 1.5 h for capacitation, after which they were counted in a Makler chamber (Sefi Medical Instrument, Haifa, Israel) and diluted to standard concentrations of 5X 10 4 , 1X 10 5 , 5X1O 5 , 1X10 6 and 2xiO 6 /ml for insemination of LZD oocytes.
Laser micromanipulator system A nitrogen-pumped laser (model no. VSL-337ND; Laser Science Incorporated, Cambridge, MA, USA) that emits UV lasers at a wavelength of 337.1 nm was coupled to the Zeiss Axiovert 135M inverted microscope (Carl Zeiss, Jena, Germany). The laser had a maximum pulse repetition rate of 20 Hz and pulse energy of >250 (xl with pulse duration of 3 ns. The laser microbeam was reflected by a series of dichroic beamsplitters and then transmitted through a Zeiss Plan Neofluar 63X/1.25 oil objective before it was focused onto the zona pellucida of the mouse oocyte by die PALM system (P.A.L.M. Mikrolaser-Technologie, Wolfratshausen, Germany). The image of the oocyte was captured by a video camera and processed by the Argus 10 (Hamamatsu Photonics, Tokyo, Japan). The integrated system was mounted on an air suspension vibration isolation table.
Adjustment of the laser spot
It was necessary to ensure that the laser spot was in focus before the T 7D procedure began. The laser microbeam was focused by its ablation of a layer of black ink on a glass slide of 1.0 mm thickness (Bachofer, Reutlingen, Germany) which was mounted on an x-y-z microscope stage (MCU 10; Carl Zeiss). The firing of the laser was controlled by an external trigger. By moving the microscope stage in either the x-or >>-direction and at the same time firing the laser at a fixed energy and frequency, the laser spot could be focused and positioned by a motorized focal adjustment controller (P.A.L.M.
Mikrolaser-Technologie). Once the laser spot had been adjusted, its position was marked on the monitor screen.
LZD of mouse oocytes
Approximately 5 |il of HEPES-buffered Ml was placed on the glass slide. The droplet was then covered with a layer of paraffin oil. Between 10 and 15 cumulus-free metaphase II mouse oocytes were placed into the medium. The oocytes and the slide were mounted onto the microscope stage, where a Focht live cell chamber (Biotechs Inc., Butler, PA, USA) was put over the oocytes, which maintained the temperature at 37°C. Prior to the LZD procedure, a further adjustment was necessary at the site of zona ablation to ensure that the laser focus was at the same plane as the microscope focus. This is because of the different diffraction behaviour of visible microscope light and UV-laser light which results in a focus shift after passing through medium and biological material. One and two 10 |im holes were created in the zona pellucida by the UV laser through the Plan Neofluar 63X/1.25 oil objective. Approximately 10 pulses/s were needed to ablate the zona once, and altogether 3-4 passes were required to make a 10 |im hole. The time taken to ablate a hole in the zona pellucida was between 15 and 20 s. When possible, the zona pellucida was cut at the region where the distance between the zona pellucida and the oolemma was greatest so as to avoid accidental ablation of the membrane and consequent damage to the oocyte. The technique of I.7T) of the oocytes was performed via the monitor, where the image was enhanced by the Argus 10. LZD could be done in either the x-or ^-direction. The pulse energy of 3 (jJ and frequency of 10 pulses/s had been found to be suitable for the LZD procedure in an earlier study (Liow et al, 1994a) . The effects of 1.7.D on oocytes and their subsequent embryonic development were also investigated.
Insemination and culture of control and LZD oocytes
The control and LZD oocytes were inseminated in a volume of 100 jil with mouse spermatozoa at standard concentrations of 5X10 4 , 5X10 5 , 1X10 6 and 2XlO^ml under paraffin oil. These oocytes were washed four times in microdroplets of M1 at 6 h after insemination. They were then cultured in 100 (il of the medium at 37°C in a humidified atmosphere of 5% CO2 in air.
Assessment of development in vitro
Between 18 and 20 h after insemination, the numbers of fertilized oocytes in both the control and the LZD groups were assessed and their stages of development were monitored up to hatching blastocysts at day 5. The presence of 2-cell embryos was taken as evidence of fertilization. Their rates of fertilization, blastocyst formation and hatching blastocysts were then determined as per oocyte inseminated.
Blastocyst transfer into surrogate mothers CBA/C57B1 Fl females aged at least 12 weeks and weighing ~20 g or more were mated in natural oestrus with vasectomized Swiss Albino malts to produce pseudopregnant females. The females were checked for vaginal plugs on the following morning (day 1 of pseudopregnancy). Blastocysts were transferred to the uterine horns of females on day 3 of pseudopregnancy. A maximum of five blastocysts were transferred into each uterine hom. The right uterine horn had been allocated for control blastocysts. Treated blastocysts were transferred to the left uterine hom.
Pregnant surrogate females were killed by cervical dislocation and autopsied on day 16 to day 18 of the 21 day gestation. The numbers of implantation sites and normal and resorbed fetuses were scored. The fetuses were examined under a dissecting microscope to exclude gross congenital malformations. Values with the same superscript were significantly different (P < 0.001).
Flattening, fixing and staining of embryos for karyotyping
The method described below to assess the karyotypc of the cleaved embryos was based on that described by Bongso et al. (1987) . The embryos were initially exposed to a hypotonic aqueous solution of 1% sodium citrate (Analar grade; Merck, Darmstadt, Germany) in a watch-glass at room temperature for 7-10 min, depending on the stage of the embryos. The more advanced the developmental stage, the longer it took to swell. Each embryo was then transferred onto an alcohol-cleaned grease-free glass slide with minimum amount of the solution. The embryo was allowed to flatten by placing a single drop of freshly prepared fixative ([3:1] methanol:glacial acetic acid) delivered from a 1 ml tuberculin syringe fitted with a 25-gauge needle. The slides were then air-dried and stained with 10% Gun's Giemsa (BDH Chemicals, Poole, UK) in Dulbecco's phosphatebuffered solution (PBS) for 2 min. The flattened embryos were examined under a microscope at X400 magnification. The numbers of metaphase nuclei and chromosomes were scored.
Assessment of blastocyst quality
A fixed number of randomly selected blastocysts that developed from each treatment group was assessed for cell numbers, using the double dye technique developed by Handy side and Hunter (1984) and later modified by Papaioannou and Ebert (1988) . Differential counts of the inner cell mass (ICM) and the trophectoderm nuclei were made possible with this technique.
Statistical analysis
Experimental data were analysed by % 2 tests for significant difference. All analyses were performed using the Epistat computer program.
Results
There were three experimental groups for each standard sperm concentration: (i) LZD oocytes with one hole in the zona pellucida (LZD1), (ii) LZD oocytes with two holes in the zona pellucida (LZD2) and (iii) controls where the zona pellucida was not treated with the laser.
Fertilization was significantly enhanced at all four sperm concentrations when one or two 10 \im holes were made using the laser in the zona pellucida of the oocytes (Table I) . However, there was no significant difference between LZD1 andLZD2.
LZD2 had the highest rate of blastocyst formation among the treatment groups and this difference was statistically significant at all sperm concentrations (Table II) . This was attributed to significantly fewer embryo losses (Table IH) . The presence of one or two photoablated holes in the zona pellucida significantly increased the rate and the number of hatching blastocysts. It was interesting to note that between 58 and 75% of the blastocysts from LZD2 hatched through one hole.
Two-and 4-cell embryos obtained from LZD1 and LZD2 oocytes were karyotyped and compared with the controls (Table IV) . These embryos were obtained from a set of 6-9 replicates for each sperm concentration. The sample size ranged from 18 to 25 embryos per replicate. Diploidy was 94-100% for the controls, 91-96% for LZD1 and 95-97% for LZD2. Polyspermy was found only in LZD2 embryos at higher sperm concentrations. Aneuploidy among the treatment groups ranged from 0 to 6% for the controls, 4 to 9% for LZD1 and 2 to 5% for LZD2.
Fully expanded blastocysts were randomly selected from another set of four replicates for each sperm concentration. The number of blastocysts selected for the experimental groups at each sperm concentration was between 18 and 22. These blastocysts were assessed for their ICM and total cell number (TCN) using the double-stain method. However, between 10 and 12 blastocysts per group at each sperm concentration were finally assessed because of overlapping or scattering of the nuclei upon squashing. This rendered inaccurate counting of these nuclei and the data had to be excluded. The mean values of ICM, TCN and ICM/TCN ratio among the three treatment groups are shown in Table V . The quality of the blastocysts among LZD1 and LZD2 was similar to that of the controls. No statistically significant difference was found in the mean ICM, TCN and ICM/TCN ratio between the three treatment groups.
Blastocysts developed at day 5 in in-vitro culture were transferred to pseudopregnant recipients to assess their viability and further development in vivo. The rates of implantation and fetal formation of these blastocysts are shown in Table VI. Blastocysts from LZD2 had a significantly lower rate of implantation than those from T.7D1 and the controls (P < 0.01). Live fetuses obtained from the three treatment groups showed no signs of morphological abnormalities.
Discussion
The zona pellucida is an acellular, relatively thick, transparent and a very porous matrix that forms the extracellular coat of the mammalian oocytes. It plays a major role in regulating species-specificity of fertilization and acts as an effective barrier to other spermatozoa once sperm-oocyte fusion has occurred. In circumstances where sperm counts are severely low (oligozoospermia), fertilization may fail to occur. The inability of the spermatozoa to penetrate the zona pellucida is another causal factor in fertilization failure. This results from inability of the spermatozoon to undergo the acrosome reaction because of some intrinsic factors such as lack of an acrosome. Furthermore, the lack of a glycoprotein in the zona pellucida of mammalian oocytes, ZP3, which plays a critical role in mammalian fertilization as sperm receptor and acrosome 27/68 (40)"ŵ ith the same superscript were significantly different (P < 0.01). LZD1, LZD2 = one or two laser-drilled holes respectively. reaction inducer (Wassarman, 1990) , may also contribute to fertilization failure. In this case, various methods have been devised to breach the zona pellucida to achieve fertilization. Some of these zona-opening procedures include zona drilling with acidic Tyrode's solution (Gordon and Talansky, 1986) , zona cracking (Odawara and Lopata, 1989) and PZD (Malter and Cohen, 1989b) . Fertilization has been significantly improved with these zona procedures in the mouse and human.
The major limitation of the conventional zona opening procedures is the inability to produce standardized and uniform holes. In acid zona drilling, the size of the hole is determined by the size of the dispensing micropipette, the spread of the acidic medium upon dispensing and the distance between the zona pellucida and the micropipette. In zona cracking, the size of the tear with the microhooks on the zona pellucida is dependent on the degree of pulling forces induced by the operator. In PZD, the size of the piercing micropipette and the degree of shearing forces induced by the operator through the micropipette determine the dimension of the slit in the zona pellucida. Simon et aL (1993) have demonstrated that the average slit after PZD is rectangular, 10-20 \im in length and 2-5 \xm in width. Therefore, the likelihood of increasing polyspermic fertilization or the extrusion of the oocyte from the zona pellucida remains with these zonaopening procedures. The advantage of using a laser microbeam to create holes in the zona pellucida is that the dimensions of the holes can be accurately determined because of the high precision of the laser and the small beam spot size of ^0.5 |im. Moreover, the procedure is fast and microtools and micromanipulators are not required.
Photoablation of the zona pellucida by a laser so that a hole is made in the zona pellucida has recently been used to enhance fertilization in the human (Feichtinger et aL, 1992) and mouse (El-Danasouri et aL, 1993) . However, there has been no extensive study to evaluate the efficacy of this procedure. The absence of negative effects of the laser on the viability and subsequent embryonic development of LZD mouse oocytes in previous studies (Liow et aL, 1994a,b) has established that T.7T) using a UV laser at 337.1 nm with pulse energy of ~3 nJ and frequency of 10 pulses/s is an effective and safe procedure.
The size of the artificial hole(s) in the zona pellucida has been shown to have a positive effect on sperm penetration rate (Simon et aL, 1993) . When either one or two 10 |xm holes were made in the zona pellucida, fertilization was significantly enhanced even at the lowest standard sperm concentrations of SXlO^ml. The rates of fertilization for the LZD oocytes were almost double those of non-treated oocytes. Studies conducted SX.Iiow, A.Bongso and S.CNg by Odawara and Lopata (1989) and Simon et al. (1993) have demonstrated conclusively that it is the passage of spermatozoa through the hole in the zona pellucida that significantly improves fertilization.
The number of spermatozoa penetrating the oocyte is logarithmically related to sperm concentration (Wolf, 1978) . As such, it is expected that the potential number of spermatozoa coming in contact with the oolemma increases with sperm concentration. The fusion of the first-arriving spermatozoon with the oolemma results in the activation of the oocyte, triggering exocytosis of cortical granules (cortical reaction) located in the oocyte. This induces a zona reaction that causes the zona pellucida to harden and inactivation of its sperm receptors (Wassarman, 1990) . However, owing to the presence of artificial hole(s) in the zona pellucida, the zona hardening would not be as effective as the intact zona pellucida in preventing sperm penetration. In this situation, the further block to sperm penetration would be at the level of the oolemma, where fusion of the spermatozoon with the oocyte immediately alters the membrane potential that renders the oolemma impenetrable. However, the effectiveness of the latter in blocking sperm penetration is not absolute (Wolf, 1978) . Consequently, polyspermy (1%) was found to be present in LZD2 oocytes which were inseminated at a sperm concentration of >lX10 6 /ml but there was no statistical significance from the controls. Conversely, the incidence of polyspermy was not found in zona-intact and LZD oocytes inseminated at lower sperm concentrations. In addition, the presence of one or two 10 (Am holes, which were slightly larger than.the size of a mouse sperm head (5-8 ujn), may have some effect on reducing the incidence of polyspermic fertilization, unlike the higher rates reported with other zona-opening procedures (Gordon and Talansky, 1986; Odawara and Lopata, 1989; Barlow et al, 1991) .
The use of a UV laser in zona-cutting did not affect the development of the fertilized oocytes to blastocysts. In addition, the rate of cleavage of these fertilized I.7D oocytes was observed to be slightly faster than the zona-intact controls. The presence of hole(s) in the zona pellucida appears to facilitate an influx of nutrients from the surrounding culture medium into the cells. This may have a positive effect on the metabolic activities of these embryos. Therefore, a higher number of fertilized LZD oocytes developed to blastocysts than of control oocytes. In addition, the number of holes in the zona pellucida may have an influence on the rate of cleavage of the LZD oocytes to the blastocyst stage. For all four sperm concentrations, the presence of two holes in the zona pellucida of fertilized LZD oocytes significantly enhanced embryonic development to blastocysts as compared to T.7D oocytes with one hole. There was no association between the incidence of blastocyst formation and sperm concentration.
Embryonic arrest and cell death can contribute to a decrease in the number of viable embryos reaching the blastocyst stage. Maltex and Cohen (1989a) reported that the majority of the embryos that did not reach the blastocyst stage degenerated early in culture when they were treated with acid zona drilling, zona chiselling and PZD. Similar observations were also obtained from the f 7D oocytes and the controls in this study.
However, about one-third of the morulae that developed either had degenerated or their growth was arrested, particularly in the controls and the LZD1 group. In comparison, embryo loss from fertilized LZD2 oocytes was significantly less. As has been postulated, the influx of nutrients was probably enhanced by the two holes in the zona pellucida.
The developmental arrest and death of the embryos at different stages could be related to several factors. One of these factors could be aneuploidy. In the mouse, aneuploidy occurs spontaneously at a low rate of ~\% (Dyban and Baranov, 1987) . The incidence of aneuploidy can be elevated by the process of superovulation with hormones (Mailhes, 1987) . Chromosome errors either inherited or arising de novo during gametogenesis and transmitted at fertilization to the conceptus may be a major cause of embryonic mortality (Zenzes and Casper, 1992) . Furthermore, pronuclear asynchrony may also be one of the causes of early developmental arrest (Schmiady and Kentenich, 1993) . However, the incidence of aneuploidy among the LZD oocytes was not significantly higher than in the controls. Another factor possibly causing embryo loss is that the males whose spermatozoa were used for inseminations of these oocytes differed in their ability to produce embryos capable of development, especially in the time taken from pronuclear formation to first cleavage. This could be the result of differences in the mechanism by which the spermatozoon activates the oocyte and triggers synthesis of components needed in the cell cycle, such as cdk2, G x cyclins or mitotic cyclins (Parrish et al, 1992) . It could also be that the spermatozoon contributed a factor that was needed to regulate subsequent embryogenesis (Howlett and Bolton, 1985) . As has been discussed earlier, culture medium conditions can influence the rate and ultimate ability of embryos to develop in vitro, as they may affect correct functioning of the cell cycle control (Kane et al, 1992) . Neev et al. (1993) have reported a high incidence of embryo degeneration and decreased rate of development of 8-to 16-cell embryos treated with a XeCl excimer laser at 308 nm and 50-500 pulses/s with estimated energy at ablation site of 0.5 (iJ/pulse (pulse energy of 20 (iJ/pulse). Moreover, when 4-cell embryos were treated with the same laser settings, there was a reduction in cell number 12 h after the LZD procedure (Li et al, 1993) . The exposure of cryopreserved and thawed 2-cell embryos to ablation by-products in the culture medium produced by a KrF excimer laser at 248 nm with two pulses of 1 J/cm 2 severely reduced the number of blastocysts (Blanchet et al, 1992) . The settings that Neev et al (1993) and Li et al. (1993) used in their experiments were much higher than those used in this study. It is obvious that such high pulse energy and frequency have detrimental effects on the embryos as a consequence of photochemical, photomechanical or photothermal effects of the laser (Boulnois, 1986) . However, Neev et al. (1993) obtained data from several of their preliminary studies that showed that a high pulse frequency of 5*500 Hz was detrimental, whereas frequencies <200 Hz improved survival considerably. In the study reported by Blanchet et al. (1992) , there were no controls to assess the viability of the cryopreserved embryos after thawing but before the start of the LZD experiment. Moreover, the number of embryos used as controls for experiments conducted in human tubal fluid and PBS was too few to make a significant comparison, i.e. eight and 14 embryos respectively. In most instances, the use of cryopreserved and then thawed 2-cell mouse embryos for photoablation experiments may not be suitable, as the viability of these embryos has already been compromised by freezing. Moreover, the KrF excimer laser at 248 nm is too close to the peak DNA absorption at 260 nm (Weber and Greulich, 1992; Tadir et al, 1993) . When the laser is used at a high pulse energy, the effects would be detrimental. In contrast to these findings, the data obtained from this study showed that the nitrogen-pulsed UV laser at 337.1 nm at ~3 (iJ/pulse and 10 pulses/s had little or no visible effect on the LZD oocytes that were fertilized in vitro and cultured to blastocysts. In fact, the incidence of blastocyst formation in the LZD oocytes was significantly higher than in the controls, particularly in the LZD2 oocytes. This was attributed to significantly fewer embryo losses. Furthermore, the quality of the blastocysts that developed from fertilized T.7.D oocytes was as good as the controls, whose mean cell numbers closely resembled those reported by Chisholm et al. (1985) .
Although mouse oocytes can survive and are able to cleave to blastocysts in in-vitro culture, development in culture medium is inferior to development in vivo. Unlike in-vivo conditions, the culture medium lacks specific growth factors that promote the optimal development of these embryos (Harlow and Quinn, 1982) . The absence of these growth factors in the culture medium may affect the regulation of the expression of G| cyclins and influence the start of S phase in the cell-cycle control (Matsushime et al, 1991) . Therefore, the mean cell numbers obtained from blastocysts cultured in vitro cannot be compared to those from blastocysts cultured in vivo. However, the viability of these blastocysts was not affected by the reduction in the cell number as they were able to implant and produce live fetuses. This is because the ICM and its derivatives exert an inductive effect on trophoblast proliferation (Copp, 1978) . In addition, intra-embryonic factors could act in an autocrine manner to affect the cell type from which they originated (Ilgren, 1983; Kane et al, 1992) . Moreover, the minimum number of ICM cells required to fulfil its role in embryogenesis is between four and eight (Snow, 1976) .
A break in the integrity of the zona pellucida either by mechanical or chemical means may alter the hatching process, regardless of whether the embryos are maintained in utero or in vitro (Malter and Cohen, 1989a) . This procedure bypasses the need for the natural expansion and thinning of the blastocyst zona pellucida which occurs before hatching in most mammalian species (Nieder and Caprio, 1990) . Therefore, the presence of one or two holes in the zona pellucida had contributed to a significant number of blastocysts from the LZD oocytes hatching much earlier (~1 day) than those from the controls. Similar observations were reported when the zona pellucida was treated with conventional zona-opening procedures (Talansky and Gordon, 1988; Malter and Cohen, 1989a; Odawara and Lopata, 1989; Barlow et al, 1991; Khalifa et al, 1992) . In addition, the blastocysts hatched through the ablated holes. El-Danasouri et al. (1993) and Neev et al. (1993) also reported hatching of the embryos through the ablated holes from laser-treated mouse oocytes and embryos respectively. The presence of two holes in the zona pellucida affected the hatching behaviour of the blastocysts. Although the holes were of similar size (10 |im), about 58-75% of the blastocysts hatched through one hole. The rest of the blastocysts hatched through two holes simultaneously. Similar observations were also reported by Cohen and Feldberg (1991) when 2-to 4-cell mouse embryos were treated with PZD to study their hatching behaviour.
The ability of the blastocysts to implant and produce normal and viable young is an important criterion in assessing the success of the experiments. In this study, blastocysts that had developed from fertilized T.7.D1 and LZD2 oocytes were able to implant and produce viable fetuses. However, the number of holes in the zona pellucida had an influence on the implantation rate. Among the LZD1 blastocysts, it was as good as the zona-intact blastocysts. Furthermore, Neev et al. (1993) also reported similar rates of implantation when lasertreated 8-cell embryos were transferred into pseudopregnant recipients. However, LZD2 blastocysts had a significantly lower implantation rate. As mentioned above, about 25-40% of the blastocysts with two holes in the zona pellucida hatched through both holes simultaneously, which resulted in incomplete hatching. Cohen and Feldberg (1991) demonstrated that one-third of the PZD embryos that hatched through two holes (=£10 \un) were able to hatch fully. Moreover, they concluded that the presence of one or several small holes (sSlO |im) in the zona pellucida of mouse embryos appeared to be detrimental to normal hatching. In contrast, the presence of one 10 |im hole in the zona pellucida of the blastocysts in our study did not hamper their hatching process or ability to implant. The absence of morphological abnormalities in the fetuses demonstrated conclusively the safety and efficacy of LZD.
In conclusion, the number of holes ablated in the zona pellucida can influence the rate of fertilization, embryonic development, hatching behaviour and rate of implantation of embryos. The presence of an extra hole in the zona pellucida can enhance blastocyst formation but increases embryo loss through a lower rate of implantation. The settings for the UV laser used throughout the experiments have been found to be safe and efficient
